This article examines how the introduction of an ETF replicating a stock index impacts on the liquidity of the underlying stocks. We find that index stock spreads decline, relative to those of non index stocks, after the introduction of the ETF . Changes in adverse selection do not appear to be a major factor explaining this liquidity improvement. We also fail to relate it to recognition effects. By contrast, we think that it can mainly be explained by a decrease in order processing and order imbalance costs. This is consistent with the arbitrage theory of Fremault (1991) according to which increased cross-market trading provides additional risk sharing capacity.
Introduction
Exchange-traded funds (ETFs) are widely acknowledged to be one of the most useful financial innovations of the past few decades, especially for index traders. They are essentially exchange-traded assets that represent a basket of securities comprising a particular index. ETFs allow investors to take positions in a given market without selecting individual securities, and provide them with an opportunity to trade indices easily, in small amounts, and at very low costs. They are thus generally not considered as redundant assets, but rather as new financial instruments that complete markets in an economic sense. They are particularly well suited for passive investors, and combine the advantages of closed-end and open-end mutual funds with much lower expense fees. On the one hand, as closed-end funds, ETFs can be traded throughout the day in the secondary market. On the other hand, they can be considered as open-end mutual funds, as the creation and redemption of ETF shares are allowed.
As a result of these attractive features, ETFs are now very popular investment vehicles.
A BlackRock report 1 found that the number of ETFs available worldwide at the end of 2010 was 2,459 ETFs, totaling assets under management of US $ 1,311 billion, listed on 46 exchanges. In Europe, the ETF industry had 1,071 ETFs, with assets of US$284.0 billion, on 22 exchanges. Understanding how and why ETFs contribute to the quality of stock markets is thus of great interest. Our research specifically investigates how the first introduction of an ETF tracking a stock index affects the liquidity of the underlying stocks. We find that the liquidity of underlying stocks improves relative to that of non-index stocks, and that this liquidity improvement mainly occurs by means of a reduction in order processing and order imbalance costs.
Investigating the liquidity effects of the introduction of ETFs is relevant not only because of the size and expansion of the ETF sector but also because of the lack of consensus about such effects in both the asset management industry and academia. A survey of 192
European ETF users conducted in 2010 by the EDHEC-Risk Institute 2 shows how mixed the views of practitioners were on this matter: 31% of the survey respondents observed an improved liquidity in the underlying market, but 35% did not. In the academic world, previous literature also provides diverse conclusions on the liquidity effect of ETF inception. Hegde and McDermott (2004) investigated the liquidity effects of the introduction of ETFs for the DJIA 30 and the Nasdaq 100 stock indices, the Diamonds index, and the QQQ, and found a liquidity improvement largely related to a decline in the cost of informed trading in the underlying stocks. Richie and Madura (2007) also tested the impact of the creation of the QQQ fund on the liquidity of the component securities and the risk of the underlying securities. They found that the liquidity improvement following the creation of the QQQ was more pronounced for less heavily weighted stocks, and that the systematic risk of the underlying stocks declined relative to a control sample. However, using matched samples, Van Ness, Van Ness, and Warr (2005) did not find a similar improvement for the DJIA 30.
They tested the hypothesis that uninformed traders prefer to invest in the Diamond ETF rather than in the individual stocks constituting the index, and found that, following the introduction of the Diamonds ETF, the bid-ask spreads of the DJIA 30 actually increased relative to the spreads of matching stocks. However they did not find a consistent change in the adverse selection components of the spreads of the Dow stocks. an average daily turnover of €34.08 million and a market share of 9.26%.
The Lyxor CAC 40 fund
The CAC 40 index is the flagship French stock market index and comprises forty large capitalization stocks. It is a market-value weighted index whose composition is reviewed quarterly by an independent Index Steering Committee. The main criteria for inclusion in the CAC 40 are market size and turnover. 5 Its base value was set to 1,000 on December 31, 1987.
It serves as an underlying asset for futures contracts and options traded on Nyse Liffe. 6 4 ETFs were first introduced on the Toronto Stock Exchange in March 1990 with the creation of TIPS (Toronto 35 Index Participation units). This was followed in 1993 by the inception of the SPY which replicates the S&P 500 on the AMEX. Currently, the three most active ETFs are the SPY, the QQQ which replicates the Nasdaq 100, and the DIA which tracks the DJIA 30. ETFs listed on NextTrack are also continuously traded but their trading session is delayed by five minutes relative to the cash stock market session, so that the price discovery process on underlying stocks precedes that on ETFs. In spite of its similarity with the cash market microstructure, the ETF market is different in two respects.
First, while CAC 40 stocks are traded in a pure limit order book market, market members may act as LPs on NextTrack. As market specialists for their stocks, LPs have a business agreement with Euronext whereby they undertake to quote two-way bid and ask prices in the limit order book, with a minimum volume and within a maximum spread. They commit to maintaining a spread of firm bid and offer prices during the fifteen minutes preceding the market opening, and then throughout the trading day, including the order accumulation period preceding auctions. In return for those commitments, orders placed by LPs and their resulting trades are subject to tariff benefits which are conditioned on their performance in providing liquidity, and may not exceed 50% of explicit trading fees. LPs benefit from the maximum fee reduction of 50%, provided that they comply with 80% of their commitments in terms of quote time, quoted spreads, and quoted quantities.
Second, a large portion of the ETF order flow is executed in the over-the-counter We know exactly what is registered in the limit order book for a given stock at every second (the set of the five best bid/ask quotes (not just the best), both displayed and hidden quantities associated with these quotes, and the portion of these quantities stemming from client orders, principal orders, and LP orders). Additional information 12 about this database and about the process used to build the limit order book can be found in De Winne and D'Hondt (2007) .
Using these order book data, we compare the cost of a round-trip trade in the CAC 40 stock basket and in the CAC 40 ETF. As suggested by Irvine, Benston, and Kandel (2000) , 11 The MiFID is a European Union law which provides a harmonised regulatory regime for investment services an ex-ante liquidity measure is useful to indicate the upper bound of the transaction cost at which an order can be immediately executed. Of course, we know that many traders will try to obtain a better price for the whole bundle of shares by splitting their orders, but the cost of a round-trip trade (CRT) gives some idea of the implicit costs that can be expected from a naive order placement strategy. At any given point in time t, the CRT for a trade size T corresponds to the difference between the cost of buying T shares of a stock i (B T,i,t ) and the amount received from selling these T shares (S T,i,t ). For the purpose of comparison across stocks or across trade sizes, this difference is divided by the value of these T shares at the mid-point. The CRT for a trade size of T shares of stock i at time t is therefore computed as:
where both displayed and hidden orders are taken into account.
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For each stock in our sample and for the ETF, we computed this measure for every time a new order was placed. We measured the CRT for 5,000 and 50,000 shares of the Lyxor CAC 40. According to the weight of each stock in the CAC 40 index measured at the opening auction every day, we computed the corresponding number of shares to be traded for 5,000
and 50,000 shares of the ETF. These numbers were then used to measure the CRT of individual stocks according to Equation (1). For each trading day, we first averaged the CRTs in every stock and then computed the average CRT of the basket according to the stock weights on that day. Finally, we averaged the daily CRTs across the 23 trading days in October 2002 to obtain the basket CRT.
Since the Lyxor CAC 40 security is traded in a hybrid market where LPs with marketmaking contractual commitments interact in the order book, we also estimated the relative contribution of LPs to the market liquidity using the 432,266 order book states observed for the ETF security during that month. Average relative quoted spreads, average depths at the first and the five best limits, as well as relative CRTs for 5,000 and 50,000 shares, were first computed using all the orders waiting in the limit order book. Then these measures were recomputed without the orders submitted by LPs.
[Insert Table 1 about here]
The results are presented in Table 1 . The costs associated with trading the basket of stocks appears to be higher than that associated with trading the ETF. Buying and selling the underlying stocks costs 0.21% (compared to 0.15% for the ETF) for a trade size equivalent to 5,000 ETF shares, or 0.27% (compared to 0.21%) for a trade size of 50,000 ETF shares.
Translated into monetary units, these differences represent about €100 and €1,000
respectively for the equivalent of 5,000 and 50,000 ETF shares. Comparing the two last columns shows that LPs contribute greatly to the liquidity of the ETF market. Omitting orders placed by LPs multiplies the CRT by a factor of about four. 
Related theories and testable hypotheses
Since the introduction of the Lyxor CAC 40 allows the CAC 40 index to be traded in smaller denominations and at lower costs, it may have diverse effects (such as attracting new investors to the stock market or diverting particular categories of traders from the market of the underlying stocks to the ETF market). These effects are likely to impact the liquidity of the basket of underlying stocks, either positively or negatively. This section presents the theoretical hypotheses that may explain how the inception of an ETF can alter the liquidity of the index components. The theories which are most often cited in the literature are the adverse selection hypothesis and the arbitrage hypothesis. Richie and Madura (2007) also put forward the recognition hypothesis. From these theories, we derive a set of hypotheses that will be tested in Section 4.
The adverse selection hypothesis
The consequences of the introduction of a basket security for liquidity have been modeled by Subrahmanyam (1991) in the theoretical settings chosen by Admati and Pfleiderer (1988) . In this model, a population of informed and uninformed traders can choose to trade either in N individual asset markets or in the N-assets index stock market. Informed traders can receive two types of signals: either specific private information or systematic private information. At equilibrium, specific-information traders preferably trade in the underlying stock market while systematic-information traders elicit the basket market for trading, and discretionary liquidity traders go to the basket market, where their losses to informed traders are expected to be lower. This is very similar to Gorton and Pennacchi's (1993) model, in which less informed agents reduce their trading losses by trading in composite rather than individual securities. As a result of reduced liquidity trading in the component securities, adverse selection costs and spreads may increase in the underlying security markets, and this increase is predicted to be more significant for securities with smaller weights in the basket than for heavily weighted securities. These effects could be even more pronounced when the newly created index market involves market-making intermediaries such as the Lyxor CAC40 LPs because this category of market participants is acknowledged to be able to skim off the most profitable orders, that is the least informed (see .
The arbitrage hypothesis
Introducing financial instruments derived from existing securities, such as futures, options, or ETFs, may reduce market incompleteness and expand the investment and arbitrage opportunities facing investors (Ross 1976; Hakansson 1982) . If these new instruments generate additional arbitrage trading, price efficiency and liquidity in the underlying markets are improved. For instance, Kumar, Sarin and Shastri (1998) provide unambiguous evidence of improved market liquidity after option listings. Kurov and Lasser (2002) and Deville, Gresse and Séverac (2011) have shown that index cash-futures arbitrage profits decrease in frequency and magnitude following the introduction of an ETF.
The introduction of ETFs may create arbitrage benefits in two ways. First, assuming that markets are informationally segmented, the introduction of an index security mitigates the structural problems that beset inter-market arbitrage: it lowers arbitrage costs such as tracking errors and the randomness in the intervening dividend payoffs, and it therefore favors arbitrage trading (Hegde and McDermott 2004) . Second, upon introduction of the ETF, traders or ETF LPs can exploit new arbitrage opportunities by creating and redeeming shares in the new ETF (Richie and Madura 2007) . However, the arbitrage opportunities resulting from the creation and redemption of ETF shares seem difficult to exploit on the Lyxor CAC 40, because of the prohibitive costs charged in the ETF primary market. 15 New arbitrage opportunities should essentially arise in the ETF secondary market.
Fremault (1991) modeled the benefits of arbitrage between cash and futures index markets under rational expectations, and showed that increased index arbitrage:
1. adds liquidity and allows risk to be reallocated from hedgers of one market to speculators on another market; 2. adds risk bearing capacity to markets and provides buying and selling support in markets order imbalances; 3. has a stabilizing effect on prices if the variances of aggregate supply in the respective markets are not too divergent.
If we transpose this theory to the introduction of an ETF, arbitrage trading across the underlying-stocks market and the ETF market should improve stock liquidity by allowing risk to be reallocated between the markets, and reducing the impact of order imbalances. This risk sharing effect could be greater for an ETF market whose structure involves LPs if the LPs contribute to the risk allocation process.
The recognition hypothesis
The inclusion of a stock in an index is generally accompanied by a positive permanent price increase (see, for example, Beneish and Whaley 1996; Harris and Gurel 1986) and an improvement in liquidity (Hegde and McDermott 2003) . Chen, Noronha, and Singal (2004) consider that those positive effects are consistent with Merton's (1987) investor recognition theory, because the price responses to additions to and deletions from the S&P 500 index is asymmetric, with no permanent price decrease following index deletions. According to Merton (1987) , with increased investor recognition, the shareholder base broadens, resulting in lower required returns and higher liquidity. Investor awareness of a stock increases following its addition to the index, which results in a positive price response. Because investor awareness does not necessarily decrease after a deletion from the index, the opposite effect is not found.
With the introduction of an ETF on a stock index, similar recognition effects may occur.
First, the inception of an ETF is an unusual event that may attract the attention of investors to index securities, and thereby induce new investors to trade in them (Barber and Odean 2008) .
Second, the inception of an ETF gives the index components some useful publicity. As shown by Grullon, Kanataas, and Weston (2004) , increased advertising results in increased stock liquidity because new-found individual and institutional investors participate in the market. The recognition hypothesis thus predicts increased liquidity after the inception of an ETF, and this effect is expected to be more pronounced for index components that were less traded prior to the ETF introduction, that is the smallest components of the index (see Richie and Madura 2007).
Testable hypotheses
According to the adverse selection hypothesis, the liquidity of the basket of stocks is reduced after the introduction of the ETF, because adverse selection increases in the cash stock market. This theory can be examined by testing the hypotheses that:
immediately after the inception of the ETF,
H1a. the trading volumes of index stocks decrease relative to those of non-index stocks;
H2a According to Fremault (1991) , under some market conditions, increased arbitrage trading may help stabilize prices. This leads us to test the hypothesis that:
H5. immediately after the inception of the ETF, the temporary volatility of index stocks decreases relative to that of non-index stocks.
While support for H5 would favor the arbitrage hypothesis, rejecting H5 would still be compatible with Fremault's (1991) arbitrage theory, as she identifies market conditions under which increased arbitrage does not necessarily stabilize prices.
Finally, if we find support for H1b and H2b, the arbitrage hypothesis can be differentiated from the recognition theory by comparing large and small components of the index. Fremault's (1991) arbitrage theory does not predict different effects for small and large index components, while the recognition effect should affect the smallest constituents most.
Equally, evidence for the recognition hypothesis would come from support for H6:
H6. When support for H1b and H2b is present, the increase in liquidity is greatest for
the smallest components of the index.
The impact of the introduction of an ETF on the liquidity of underlying stocks
In order to test the competing hypotheses related to the introduction of a basket security, After describing the data, we test the hypotheses derived in Section 3 by conducting univariate and multivariate analyses of liquidity and price stability measures for both the CAC 40 sample and the control sample in the pre-ETF and post-ETF periods.
Data
The high frequency trade and quote data used in this section were extracted from the Euronext BDM (base de données de marché) market database. Trade files provided the date, time, price, and volume of each trade executed during the opening auction, the continuous session, and the closing auction. The quote data cover best bid and ask limit prices with associated displayed quantities as posted during the trading session. Hidden quantities are not provided.
Quote and trade timestamps are based on a second-by-second frequency. In the bestquote files, a new record appears each time any feature of the best limits, either a price or a quantity, changes. In the trade database, if one buy (sell) marketable order executes against n sell (buy) orders with the same limit price, then n trades with the same timestamp and price will be recorded. In addition, each time an order is executed against a pending limit order, it modifies the best bid and ask quotes, so that a new best quote record is automatically produced with the same timestamp as the trade from which it results. If a trade is executed against several orders, there will be several successive quotes produced by the trade and they will be recorded in chronological order in the quote file.
We aggregated trade records with the same timestamp and price into a single trade record. When several quote records had the same timestamp, we kept the last one recorded in the best quote file. When ordering trades and best quotes, if a trade and a quote had the same timestamp, the quote was considered as following the trade. Trades were then signed according to their price relative to the prevailing mid-quote at the time of the trade. Like Lee and Ready (1991), we considered trades whose prices were higher than the mid-quote to be buyer-initiated and those whose prices were lower than the mid-quote to be seller-initiated.
Euronext defines a normal block size (NBS) to stocks that are eligible for block trading.
The NBS is the minimum share quantity to which the block trading procedure applies.
Euronext continuously reports the bid-ask spread that would result from buying and selling the NBS against orders in the order book. This spread, designated hereafter as the block spread, is obtained by weighting the different bid and ask limit prices hit to execute the NBS with associated quantities.
Univariate analysis
The univariate analysis consists in testing the difference between the pre-ETF and the post-ETF observation periods in the cross-sectional means of several variables. We performed statistical tests in two ways: first, the cross-sectional means of each variable were compared for the CAC40 sample and for the control sample in the pre-and post-ETF periods, using a paired t-test. Second, we used a difference-in-differences approach to compare crosssectional percentage variations from the pre-ETF to the post-ETF period across samples.
In order to test hypotheses H1a, H1b, H2a, and H2b, we started by considering measures related to trading volumes, trading frequency, spreads, and depth. The average daily trading volume in euros, the total trading volume in number of shares, the average daily number of trades, and the average trade size were measured by the volume and trading frequency. According to H1a, there should be a significant decrease in measures of volume for the CAC 40 sample, with no similar effect for the control sample. Conversely, H1b predicts a significant increase in measures of volume for the CAC 40 sample. We then compared bid-ask spread measures. The duration-weighted average quoted spread for stock i over a given sub-period is Euronext, prevailing at the time of the m th block spread, and i M is the number of block spreads reported for stock i during the sub-period. We chose to normalize the block spread by the normal block size prevailing on the day under consideration because normal block sizes change for several stocks during the sample period. Those changes mechanically impact the size of the block spread and are likely to bias variation tests. We then multiplied this quantity by a scaling factor of 100,000 for convenience of presentation.
We also examined the market depth, as measured by the euro volumes associated with the best limits, as
Qbid , is the number of shares demanded at the best bid price and
Qask , is the number of shares offered at the best ask price at the time of the n th quoted spread for stock i. Using the notations introduced above, the proportion of asymmetric information was measured by the average price impact at an x-minute interval, calculated for stock i:
As there is no unanimous choice of the benchmark price to be used after a transaction, we measured the price impact at three time horizons: 5, 15 and 30 minutes. The corresponding non-informational cost was measured by the realized spread at an x-minute interval, defined for stock i as:
The LSB adverse selection component was estimated as the sensitivity,  of mid-price revisions to trade directions, using the following regression model for each stock i:
We used the same estimation procedure as in Lin, Sanger and Booth's (1995) original paper (i.e. we ran Regression (9) using the log prices); The extent of order persistence θ was captured through the following regression run for each stock:
where the disturbance terms e and η are uncorrelated. The expected profit as a fraction of the effective spread when submitting an order is
. The non-informational part of the spread is then obtained by multiplying i  by the average effective spread ES i .
The results reported in Table 2 indicate an improvement in liquidity at the best-limit level, with a significant reduction in duration-weighted quoted spreads and effective spreads, and no significant variation in the best-limit depth for the CAC 40 stock sample. The reductions in the control sample were about the same size, but not significant. The reduction in spreads for the CAC 40 stocks cannot be attributed to an increase in the daily euro trading volume or in the daily number of trades. Only the number of traded shares increased significantly for the basket of stocks after the ETF inception. There was an opposite liquidity effect at the upper limit, for both the CAC 40 and the control samples: adjusted block spreads widened significantly in the post-ETF period, meaning that the immediacy costs of trading large quantities increased for all stocks. The post-ETF increase in the mean adjusted block spread as a percentage of the mid price was larger for the control stocks. However, the difference-in-differences test shows that this increase, when measured as a percentage of the block spread prevailing during the pre-ETF period, was significantly higher for the CAC 40 stocks.
[Insert Table 2 about here]
Comparative results for the relative order imbalance and the spread components are presented in Table 3 . The relative order imbalance and the two methods of spread decomposition give convergent results: adverse selection costs did not vary significantly before and after the inception of the ETF, showing that information asymmetry in individual stocks did not increase when the basket security was introduced. By contrast, the realized spread at various time intervals and the order processing cost significantly diminished during the second sub-period, for both the CAC 40 and the control sample stocks. However, according to the difference-in-differences test, the decrease was significantly more pronounced for the CAC 40 basket of stocks.
[Insert Table 3 about here]
To test H5, we compared the variance ratios of the returns from the CAC 40 and control stocks in the pre-and post ETF periods (see Table 4 ). We considered three variance ratios:
the variance of 1-minute returns divided by that of 5-minute returns; the variance of 1-minute returns divided by that of 30-minute returns; and the variance of 5-minute returns divided by that of 30-minute returns. 1-minute, 5-minute and 30-minute returns were computed between 9.15 a.m. and 5.15 p.m. The temporary price volatility of index stocks decreased significantly after the introduction of the ETF when measured over very short horizons (1-minute/5-minute variance ratio), but did not change when measured by ratios using longer-horizon return volatilities. This does not give much economic support to the hypothesis that the introduction of the ETF has a price stabilization effect.
[Insert Table 4 about here]
Multivariate analysis
The univariate tests conducted on spreads, depth, price impact, and variance ratios were complemented by multiple panel regressions that controlled for volatility, trading volume, price level, and order imbalance. We considered nine dependent variables: (1) the durationweighted average of the relative quoted spread; (2) the average of the relative effective spread; (3) the average duration-weighted adjusted block spread; (4) the time-weighted mean of the quantities available at the best-limit quotes, measured in euros and taken in logarithms, referred to as the best-limit depth; (5) the average realized spread over a 5-minute time interval; (6) the average 5-minute price impact; (7) the 1-minute/5-minute variance ratio; (8) the 1-minute/30-minute variance ratio; and (9) the 5-minute/30-minute variance ratio. We computed these variables on a daily basis for the 37 CAC 40 stocks and the 58 stocks in the control sample. We thus have 95 cross-sections with 120 daily observations per cross-section.
For regressions of the adjusted block spreads, the number of cross-sections was reduced to 85 due to the non-availability of this variable for 10 of the control stocks.
All panel regressions are run with two-way fixed effects and a one-lag autocorrelation term in the residuals following Parks' (1967) 
In Equation (11):  i,t denotes the price range calculated as the difference between the highest and lowest price, divided by the lowest price during day t for stock i; lnV i,t is the logarithm of the euro volume traded on stock i at date t; lnP i,t is the logarithm of stock i's open price on day t; OIB i,t is the absolute value of the difference between sell trade volumes and buy trade volumes as a proportion of the total trade volume for stock i on day t; ETF t is a dummy variable that is set to 0 on dates preceding the introduction of the ETF and 1 on later dates; (11) 
Coefficients b 2 , c 2 , d 2 , and e 2 test for a potential change in the control variable coefficients in the post-ETF period for all stocks, while b 3 , c 3 , d 3 , and e 3 test whether index stocks underwent a specific change in these sensitivity coefficients in comparison with control stocks.
According to H2a, the g coefficients as well as the total value of g + hw i should be significantly positive when DV it is a spread measure and significantly negative when DV it is the best-limit depth, whereas H2b predicts the opposite. The results of Regressions (11) and (12) are displayed in Table 5 . The estimates of g in the basic panel regressions (Equation 11 ) indicate that the quoted, effective, realized, and adjusted block spreads of CAC 40 stocks decreased, with a high level of economic and statistical significance, in the post-ETF period in comparison with the control sample. The h coefficients are significantly positive at the 1% level for the four measures of spread: spreads reduced more for low-weighted index components, although the economic magnitude of this differential effect is relatively small. The total economic impact of the introduction of the ETF on the spreads of a given stock i is represented by g + hw i , with w i ranging from 0.0356% to 9.4201%. For the quoted spreads, the estimated values of g and h are 0.0954 and 0.0084 respectively, which means that the decrease in quoted spread for the smallest CAC 40 component was 0.0954 (0.0954+0.0084×0.0356% as a percentage of the mid-quote) while it was 0.0946 for the largest component.
Similar calculations for other spread measures indicate that the post-ETF decrease in spread for index stocks ranged from 0.0924% to 0.0912% for effective spreads, from 0.0500% to 0.0489% for realized spreads, and from 0.2237% to 0.2228% for the adjusted block spread. Further, according to the estimates of g and h in the regression of depth, all CAC 40 stocks had a deeper market immediately after the inception of the ETF, but in contrast to spreads, this depth improvement was greater for larger components.
[Insert Table 5 about here]
When coefficient changes across periods are taken into account (Equation 12), the tightening of index stock spreads is again evident, and has even greater economic significance. However the increase in depth is not robust to the modification of the model.
Looking at the coefficients of the control variables combined with period and sub-sample dummies in the depth regression, we can see that volatility underwent the greatest pre/post-ETF coefficient variation: the sensitivity of depth to volatility in absolute terms is estimated at for CAC 40 stocks in the regression with constant coefficients is thus attributable to the fact that depth is less sensitive to volatility in the post-ETF period: in other words, for the same level of volatility, the market for underlying stocks is deeper in the post-ETF period.
After accounting for this change in sensitivity, index stock depth decreased on average following the introduction of the ETF. Another difference between the two regression models is the sign of h, which is significantly negative in the regressions of spreads designed according to Equation (12): the spread reductions that were related to the introduction of the ETF but unrelated to changes in the sensitivity to control variables were more pronounced for larger components of the index.
Regressions of the price impact produced significantly negative values of g and negative values of g + hw i for all components of the CAC 40. This leads us to reject H3 and makes H4
irrelevant. As for variance ratios, the explanatory power of the control variables is weak: in the extended regressions (Equation 12 ), the coefficients of the control variables combined with the ETF and CAC 40 dummies, do not significantly differ from zero. For that reason, we will restrict ourselves to considering Equation (11), where we found results strictly consistent with those of the univariate tests: g is significantly negative for the 1-minute/5-minute variance ratio but is not significantly different from zero for other variance ratios. This leaves us with very weak evidence for H5. The figures are not reported in Table 5 , for the sake of brevity.
Robustness checks
One stock of the CAC 40 sub-sample and three stocks of the control sub-sample were subject to corporate actions during the observation period. Those events may have permanently affected the liquidity of the corresponding stocks, even though we applied the appropriate adjustment coefficients in the calculation of liquidity measures. In order to check that none of our findings were driven by the impact of these corporate actions, we recalculated all the univariate and multivariate analyses, excluding the four stocks subject to corporate actions. The conclusions remained unchanged.
In addition, we replicated the panel regressions of 5-minute realized spread and price impact for time intervals of 15 minutes and 30 minutes. The findings are very similar to those obtained at the 5-minute horizon.
Interpreting the findings and discussing the theoretical hypotheses
Difference-in-differences tests on measures of trading volumes produced insignificant results except for the total trading volume, which significantly increased for index stocks at the 10% threshold. This allows us to reject H1a and leaves us with very weak evidence in support of H1b. However with respect to spreads, the difference-in-differences approach and the multivariate analysis converged to show a very significant tightening of quoted and effective for CAC 40 stocks in the post-ETF period. Adjusted block spreads of index stocks were also found to decrease significantly relative to those of non-index stocks in the panel regressions, although this was not supported by the univariate tests. Only the multivariate approach identified an improvement in depth, and this was shown to be fully explained by a decline in the sensitivity of the depth to price volatility after the introduction of the ETF.
Taken together, these findings provide unambiguous support for H2b and rejection of H2a.
The rejection of H1a and H2a combined with the rejection of H3 and H4 resulting from all the tests conducted on adverse selection measures clearly rules out the adverse selection hypothesis (which predicts a deterioration of index-stock liquidity following the introduction of an index security). We found a very significant improvement in liquidity, that occurred more through the tightening of spreads (strong evidence supporting H2b ) than through increased trading volumes (weak evidence supporting H1b), and both the arbitrage and the recognition hypotheses can explain this liquidity effect.
The tests of H5 based on variance ratios and those of H6 based on the differential effects for low-and heavy-weight index components were designed to discriminate between the arbitrage and the recognition hypotheses. There is very little evidence of index-stock price stabilization following the introduction of the ETF. The analysis of variance ratios provides weak support for H5: short-term price volatility measured by the 1-minute/5-minute variance ratio significantly decreased for index stocks relative to control stocks but did not change significantly when measured with other ratios. However, as discussed in Section 3, weak evidence for or the rejection of H5 does not rule out the Fremault's (1991) arbitrage theory.
Differential effects for low-and heavy-weight index components (as predicted by the recognition theory) were captured through the estimates of coefficients h in the panel regressions of Table 5 . They show that no conclusions can be drawn as the h estimates are not robust to the sophistication of the regression model. For that reason, we build another test of H6 based on the relation between liquidity variations around the ETF introduction date for a given stock i of the index and its weight in the index w i at the time of the inception of the ETF, and we ran the following cross-sectional OLS regression on the CAC 40 stock sample:
DV i is the pre-/post-ETF relative variation in a given liquidity measure for stock i. Measures of liquidity are the average quoted spread, the average effective spread, the 5-minute realized spread, the best-limit depth, and the adjusted block spread. were omitted in that case. Table 6 shows the results. The  3 coefficient does not significantly differ from zero in any of the regressions. This finding, together with the inconclusive results of the panel regressions for coefficients h, leads us to conclude that the spread decrease which occurred for CAC 40 stocks after the inception of the Lyxor CAC 40 ETF cannot be explained by a recognition effect.
[Insert Table 6 about here]
In contrast, the strong evidence of spread reduction for ETF underlying stocks is fairly consistent with the risk sharing benefits of cross-market arbitrage modeled by Fremault (1991) . This interpretation is reinforced by the fact that the order processing and order imbalance cost component of index-stock spreads decreased much more than their adverse selection costs. First, the findings of the difference-in-differences tests displayed in Table 3 indicate that the Lin, Sanger and Booth (1995) (LSB) adverse selection cost and the average price impacts do not significantly decrease for index stocks relative to non-index stocks, while the LSB order processing cost and realized spreads tighten significantly at the 1% threshold.
Second, comparing the estimates of the single-regime regressions of effective spreads, realized spreads, and price impacts (cf . Table 5) indicates that the post-ETF decrease in the effective spread of index stocks is much more attributable to the ETF-related reduction in the realized spread, than to the 5-minute price impacts. Let us consider a theoretical index stock with a weight in the index of 1/40. The post-ETF decrease in its effective spread is estimated to be 0.0921 (0.0924+0.0129/40) as a percentage of the mid-quote. The major part of this decrease is due to the decrease in its realized spread, which is estimated to be 0.0497, while only 0.0146 can be attributed to the decrease of its price impact. The rest is explained by other factors, in particular the changes in the control variable coefficient in the post-ETF period. This phenomenon is even more striking when the estimates of extended regressions are considered.
In addition, the extended regressions of spreads show that the CAC 40 stock spreads are less sensitive to price volatility and order imbalance in the post-ETF period -the only exception being the sensitivity of adjusted block spreads to order imbalance. In summary: (1) spreads are less sensitive to factors creating inventory costs (price volatility and order imbalances); (2) the order processing and order imbalance costs of index stocks reduce more than their adverse selection costs. We therefore conclude that the opening of the ETF market contributes to improving the liquidity of underlying securities by means of positive risk sharing effects because it plays the role of a new liquidity pool which helps reduce order imbalances incurred by index traders.
Conclusion
Using detailed data from the French stock market, we tested the impact of the introduction of the first ETF replicating the CAC 40 index on the liquidity of the underlying securities. By analyzing ETF and index stocks order book data over one month, we showed that trading the ETF is less costly than trading the index in the market for index components, and that ETF LPs are substantially responsible for this relative advantage. More importantly, using high-frequency data for a sample of index stocks and for a control sample of stocks over the six months surrounding the date on which the ETF was introduced, we examined the change in the liquidity of the underlying stocks through a difference-in-differences approach and a multivariate panel approach. We explored the theories that could possibly explain this change.
Consistent with the findings of Hegde and McDermott (2004) and Richie and Madura (2007) , and unlike those of Van Ness, Van Ness, and Warr (2005) , we found that index-stock spreads tighten more than non-index stocks after the introduction of the ETF. Nevertheless, our conclusions are not the same as Hegde and McDermott's (2004) in that we did not find that adverse selection was the main factor explaining the liquidity improvement. Our conclusions also differ from Richie and Madura's (2007) in that we failed to show that Merton's recognition theory could generate the liquidity gains. On the contrary, we established that the index-stock spread reduction is essentially driven by a decrease in the temporary price impact of trades or, in other words, is due to a decrease in the order processing and order imbalance cost component of spreads. Although we did not find strong evidence of price stabilization, we consider that our empirical findings are consistent with the arbitrage theory of Fremault (1991) according to which increased arbitrage trading between individual stock markets and index security markets adds risk bearing capacity to markets and provides buying and selling support to order imbalances. Note: For each liquidity variable, the mean variation for the CAC 40 and the control samples equals the equally-weighted cross-sectional mean difference between the two 60-trading-day periods surrounding the ETF inception on January 22, 2001. The statistical test is a paired t-test on the mean difference. For the difference-in-differences approach, the test is an independent group t-test on the cross-sectional mean difference between CAC 40 and control stocks, based on the percentage change between the two 60-day periods. The sizes of the CAC 40 and control samples are 37 and 58 respectively, with the exception that the block spreads were only available for 48 stocks in the control sample. One, two and three asterisks (*, **, and ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively. Note: For the order imbalance and spread component measures, the mean variation for the CAC 40 and the control samples equals the equally-weighted crosssectional mean difference between the two 60-trading-day periods surrounding the ETF inception on January 22, 2001. Spread measures are expressed in percentage of the mid-price and the order imbalance is in percentage of total trading volumes. The statistical test is a paired t-test on the mean difference. An independent group t-test on the cross-sectional mean difference between CAC 40 and control stocks, based on the percentage change between the two 60-day periods, is used for the difference-in-differences test. The sizes of the CAC 40 and control samples are 37 and 58 respectively. One, two and three asterisks (*, **, and ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively. An independent group t-test on the cross-sectional mean difference between CAC 40 and control stocks, based on the percentage change between the two 60-day periods, was used for the difference-in-differences test. The sizes of the CAC 40 and the control samples were 37 and 58 respectively. One, two and three asterisks (*, **, and ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively. 
